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(54) (Title of the Invention] A Method and Apparatus for the Evaluation of Chronic Stress, a Recording 
Medium and an Evaluation Sheet 



(57) [Abstract] 

[Problem] The objective of this invention is to 
provide a method whereby chronic stress can be evaluated 
easily and accurately, without placing a load on the test 
subject. 

[Means of Solution] A method for the evaluation 
of chronic stress characterized in that it is comprised of a 
standard range stipulation process in which determinations 
are made of the Cortisol concentrations in saliva over a 
specified time range of one day in a large number of test 
subjects who are Siought to be healthy individuals and in 
which a standard range of Cortisol concentration change is 
stipulated on the basis of said determination results and of 
an evaluation process in wliich the changes in Cortisol 
concentration in the sahva of specified individuals are 
studied and in which individuals who depart from the 
aforementioned standard range of Cortisol concentration 
change are evaluated as individuals who may possibly have 
chronic stress, an apparatus using this method, a medium 
and an evaluation sheet. 
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[Claims] 

[Claim 1] A method for the evaluation of chronic 
stress characterized in that it is comprised of a standard 
range stipulation process in which determinations are made 
of the Cortisol concentrations in saliva over a specified time 
range of one day in a large number of test subjects who are 
thought to be healthy individuals and in which a standard 
range of Cortisol concentration change is stipulated on the 
basis of said determination results and of an evaluation 
process in which the changes in Cortisol concentration in the 
saliva of specified individuals are studied and in which 
individuals who depart fi-om the aforementioned standard 
range of Cortisol concentration change are evaluated as 
individuals who may possibly have chronic stress. 

[Claim 2] A method for the evaluation of chronic 
stress which is a method as described in Claim 1 
characterized in that, in the process of evaluation of chronic 
stress, an individual is evaluated as possibly having chronic 
stress, in the case in which the change in Cortisol 
concentration in the saliva is within the standard range of 
change, when the Cortisol concentration in the saliva is 
Ipwer than the Cortisol concentration in the saliva at any 
other time band. 

[Claim 3] An apparatus for the evaluation of 
chronic stress characterized in that it is provided with a 
standard range recording device whereby determinations are 
made of the Cortisol concentrations in saliva over a specified 
time range of one day in a large niunber of test subjects who 
are thought to be heaithy individuals and whereby a standard 
range of Cortisol concentration change is recorded on the 
basis of said determination results and of an evaluation 
device whereby the changes in Cortisol concentration in the 
saliva of specified individuals are inputted and in which 
individuals who depart fi:om the aforementioned standard 
range of Cortisol concentration change are evaluated as 
individuals who may possibly have chronic stress. 

[Claim 4] A recording medium that is provided 
with standard range data in which is recorded the standard 
range of Cortisol concentration obtained from the results of 
determinations of Cortisol concentrations in saliva over a 
specified time range of one day in a large number of test 
subjects who are thought to be healthy individuals and of an 
evaluation step whereby individuals in whom the changes 
that have been inputted in Cortisol concentrations in the 
saliva of specified individuals depart from the 
aforementioned standard range of Cortisol concentration 
change are evaluated as individuals who may possibly have 
chronic stress and in which a program is stored that can be 
read and executed by a computer. 

[Claim 5] A chronic stress evaluation sheet 
characterized in that the standard range of Cortisol 
concentration obtained from the results of determinations of 
Cortisol concentrations in saliva over a specified time range 
of one day in a large number of test subjects who are 
thought to be healthy individuals are graphed and displayed 



and in that it has a concentration and time scale whereby the 
results of determinations of the changes in Cortisol 
concentrations in the saliva of specified individuals can be 
superimposed and plotted on the aforementioned standard 
Cortisol concentration graph. 

[Claim 6] A method, apparatus, medium and sheet 
that are described in Claims 1 to 5 characterized in that the 
standard range of Cortisol concentration change is not an 
objective stress factor and in that determinations can be 
made of Cortisol concentrations in saliva over a specified 
time range in one day in individuals who do not have 
subjective symptoms of stress. 

[Detailed Description of the Invention] 
[0001] 

[Technological Field of the Invention] This 
invention relates to a method and apparatus for the 
evaluation of chronic stress, a recording mediiun, an 
evaluation sheet, and, in particular, to a method of 
evaluation based on Cortisol concentration in sahva, 

[0002] 

[Prior Art] It is well known that what is referred to 

as stress is a causative factor in various diseases, A great 
deal of research has been conducted on short-term stress and 
studies are progressing on methods for combating it. 

[0003] On the other hand, in recent years, chronic 
(cumulative) stress due to prolonged, mild stress load or due 
to short-term stress that is not sufBcientiy resolved has 
become a problem. Even when these forms of stress are not 
particularly severe from the standpoint of their causative 
factors, because they are cumulative, they have effects 
greater than those of strong short-term stress on the mind 
and body and death due to overwork of which chronic stress 
is seen a causative factor is becoming a social phenomenoa 

[0004] 

[Problems the Invention is Intended t Solve] 
However, under ordinary circumstances, marked or unique 
symptoms do not appear in chronic stress and die states in 
which it is manifested are diverse, for which reason it is a 
field in which research is extremely difficult. Moreover, the 
causative factors of stress are diverse and complex, for 
which reason resolution of stress or elimination of the 
causative factors of stress is difficult so that there is a strong 
desire for a suitable means of its evaluation. It is also 
anticipated that the performance of intense psychological 
analysis for the purpose of evaluating stress would be a 
source of stress to test subjects. 

[0005] This invention was developed in the light of 
the problems of the conventional technology described 
above and has the objective of providing a method and an 
apparatus, a recording sheet and an evaluation sheet 
whereby accurate evaluation of chronic stress can be 
achieved easily without imposing a load on the test subjects. 
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[0006] 

[Means for Solution of the Problem] The 

inventors conducted intensive research for the purpose of 
achieving the aforementioned objective. As a result, they 
perfected this invention by discovering that changes over the 
course of a day in Cortisol in saliva are closely related to 
chronic stress. 

[0007] Specifically, the method of evaluation of 
chronic stress of this invention is characterized in that it is 
comprised of a standard range stipulation process in which 
determinations are made of the Cortisol concentrations in 
saliva over a specified time range of one day in a large 
number of test subjects who are thought to be healthy 
individuals and in which a standard range of Cortisol 
concentration change is stipulated on the basis of said 
determination results and of an evaluation process in which 
the changes in Cortisol concentration in the saUva of 
specified individuals are studied and in which individuals 
who depart from the aforementioned standard range of 
Cortisol concentration change are evaluated as individuals 
who may possibly have chronic stress. 

[0008] In the process of evaluation of chronic stress 
in the method of this invention, the evaluation is made that 
an individual possibly has chronic stress both in the case in 
which the change in Cortisol concentration in the saliva is 
within the standard range of change of Cortisol concentration 
and in the case in which the Cortisol concentration in the 
saliva at the time or rising is lower than the Cortisol 
concentration in the saliva at any other time band. 

[0009] Further, the apparatus for the evaluation of 
chronic stress of this invention is characterized in that it is 
provided with a standard range recording device whereby 
determinations are made of the Cortisol concentrations in 
saliva over a specified time range of one day in a large 
number of test subjects who are thought to be healthy 
individuals and whereby a standard range of Cortisol 
concentration change is recorded on the basis of said 
determination results and of an evaluation device whereby 
the changes in Cortisol concentration in the sahva of 
specified individuals are inputted and whereby individuals 
who depart from the aforementioned standard range of 
Cortisol concentration change are evaluated as individuals 
who may possibly have chronic stress. 

[0010] Further, the recording medium of this 
invention is characterized in that it is provided with standard 
range data in which is recorded the standard range of 
Cortisol concentration obtained from the results of 
determinations of Cortisol concentrations in saliva over a 
specified time range of one day in a large number of test 
subjects who are thought to be healthy individuals and of an 
evaluation step whereby individuals in whom the changes 
that have been inputted in Cortisol concentrations in the 
saliva of specified individuals depart from the 
aforementioned standard range of Cortisol concentration 
change are evaluated as individuals who may possibly have 



chronic stress and in which a program is stored that can be 
read and executed by a computer. 

[0011] Further, the chronic stress evaluation sheet 
of this invention is characterized in that the standard range 
of Cortisol concentration range obtained from the results of 
determinations of Cortisol concentrations in saliva over a 
specified time range of one day in a large mmiber of test 
subjects who are thought to be healthy individuals are 
graphed and displayed and in that it has a concentration and 
time scale whereby the results of determinations of the 
changes in Cortisol concentrations in the saliva of specified 
individuals can be superimposed and plotted on the 
aforementioned standard Cortisol concentration graph. 

[0012] Further, in the aforementioned method, 
apparatus, mediimi and sheet, it is desirable that the standard 
range of Cortisol concentration change is not an objective 
stress factor and that determinations can be made of Cortisol 
concentrations in saliva over a specified time range in one 
day in individuals who do not have subjective symptoms of 
stress. 

[0013] 

[Mode of Execution of the Invention] There have 
been previous reports on the relationship between stress and 
Cortisol in the saliva. For example, in the Journal of 
Psychosomatic Research, Vol. 23, pp. 181-192 (1979), a 
study is presented of the relationship between white collar 
work load and Cortisol. It was confirmed that there was a 
correlation to a certain extent between short-term work load 
and Cortisol concentration. 

[0014] In the case of short-term stress, quantitative 
evaluation of stress is possible to a certain degree by 
determining Cortisol concentrations in saliva before and after 
stress load. However, in the case of chronic stress, the 
Cortisol concentration in saliva is not simply elevated 
because chronic stress is of high intensity. Accordingly, the 
inventors did not simply compare Cortisol concentration in 
saliva with a standard value, but, rather, considered changes 
over a period of one day. 

[0015] As a result, it was discovered that Cortisol 
concentration in the saliva changes greatly over time bands 
of a day and that there is a fixed pattern in the mode of 
change. It was also discovered that there are objective 
causative factors of stress; that change in Cortisol 
concentration in the saliva of certain test subjects having 
subjective symptoms of stress either depart from the 
standard range in all time bands or the Cortisol 
concentrations on rising are lower than the Cortisol 
concentration in other time bands. 

[0016] We shall now present a more detailed 
description of the content of this inventiorL 

Method of determination of Cortisol concentrations in 
saliva 
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Cortisol concentrations in saliva were determined 
by a semimicro column liquid chromatograph equipped with 
column switching. A Capcell PAK MF Ph-l(1.5 mm i.d. x 
35 mm), manufactured by Shiseido Company, Ltd., was 
used as the semimicro column for the pretreatment and a 
Capcell PAK MF C18UG120 (1.5 mm i.d. x 250 mm), 
manufactured by Shiseido Company, Ltd., was used as the 
semimicro column for analysis. The mobile phase for 
pretreatment was 5 mM phosphate buffer 
solution/acetonitrile (pH 6/0) = 98/2 and the mobile phase 
for analysis was 10 mM phosphate buffer 
solution/acetonitrile = 78/22 of the solutions were fed at 0.1 
ml/min. The column temperature was fixed at 35°C and the 
detection wavelength was set at 242 nm. The pulse 
switching time was set at 2.0 to 4.0 minutes, and, after 
filtration, the saliva was directly injected in an amount of 
100 ^1. 

[0017] Evaluation of Feeling of Stress 

Feeling of stress was evaluated and responded to 

subjectively by the test subjects themselves in the following 

four stages. 

Extreme feeling of stress: 3 

Stress felt: 2 

Slight feeling of stress: 1 

No feeling of stress whatsoever: 0 

[0018] Stipulation of Standard Range 
Next, the inventors collected saliva from 85 healthy 
test subjects on rising (6:20) and at 10:00, 11:40, 14:00 and 
16:00 and determmed the Cortisol concentrations in the 
samples. When the range of mean ± 1 SD was plotted, the 
results that were obtained for change in Cortisol 
concentrations in saliva were as follows. 



On rising 


: approximately 4 to 16 pmol/ml 


10:00 


: approximately 0 to 1 1 pmol/ml 


11:40 


: approximately 1 to 9 pmol/ml 


14:00 


: approximately 0 to 1 1 pmol/ml 


1600 


: approximately 0 to 8 pmol/ml 



[0019] This range was hypothesized to be the 
standard range and this was plotted on the sheet shown in 
Figure 1. Essentially similar tendencies were found for 
cases of scores of 0 or 1 in the aforementioned evaluation of 
feeling of stress and in the case when mean ± ISD range 
was plotted for individuals doing less than 10 hours of 
overtime work. For this reason, die standard range of 
Cortisol concentration change was not an objective causative 
factor of stress and it was concluded that it would be 
appropriate to determine Cortisol concentrations in saliva 



over a specified time range of one day for individuals not 
experiencing subjective symptoms of stress. 

[0020] Evaluation of Chronic Stress 
Next, overwork time was taken as an objective 
causative factor of stress and an individual who was 
engaged in a large amount of overtime work (overtime work 
of 50 hours/month) and who reported feeling of stress 
(feeling of stress: 3) was considered to be experiencing 
chronic stress. When a plot was made on the 
aforementioned sheet, as shown in Figure 2, the Cortisol 
concentration on rising was lower than the lower limit of tiie 
standard range and the Cortisol concentration at 14:00 also 
departed from the standard range, with a higher value being 
shown thaii on rising. 

[0021] When a plot was made on the sheet for an 
individual engaging in overtime work of 50 hours/month 
and reporting as feeling a stress of 2, as shown in Figure 3, 
the Cortisol concentration in the various time bands was 
within the standard range except for the Cortisol 
concentration on rising, which was below the lower limit of 
the standard range. However, a higher value than on rising 
was shown for the Cortisol concentration at 1 1 :40. 

[0022] By contrast, when the changes in Cortisol 
concentration were plotted for a test subject who reported 45 
hours/month of overtime work and a feeling of stress of 0, as 
shown in Figure 4, the fluctuations were within die standard 
range in all cases. As a result, it was concluded that changes 
in Cortisol concentration did not simply indicate the degree 
of fatigue dependent on the extent of overtime work, but, 
rather they reflected the degree of effect of stress factors on 
the different individuals. 

[0023] Next, Table 1 shows the relationship of tiie 
standard range to feeling of stress and overtime work. 

[Table 1] 



Feeling 


Overtime 


Test 


Within 


Outside 


Low on 


of 


work 


subjects 


standard 


standard 


rising 


Stress 






range 


range 




3 


50 and over 


1 person 


0 persons 


1 person 


1 person 




10-50 


1 


1 


0 


0 




10 or less 


1 


1 


0 


0 


2. 


50 and over 


3 


2 


1 


1 




10-50 


10 


8 


2 


1 




10 or less 


4 


4 


0 


0 



[0024] As shown above, the standard range of 
Cortisol concentrations in saUva is stipulated in time bands 
extending over several hours, and, moreover, collection of 
saliva test materials from the test subjects was performed 
several times a day, i.e., on rising, at 10:00, 11:40 (before 
lunch), 14:00 and 16:00. When the Cortisol concentrations 
in all time bands exceed the standard range, the evaluation 
could be made that Uiere was a high possibility of the 
presence of chronic stress. 
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[0025] Further, when the Cortisol concentration in 
saliva collected on rising was lower than the Cortisol 
concentration of saliva in all other time bands, an evaluation 
similarly could be made that there was a high possibility of 
the presence of chronic stress. 

[0026] Apparatus for evaluation of chronic stress 
Figure 5 shows the schematic structure of the 
apparatus for the evaluation of chronic stress in an example 
of this invention. The apparatus 10, which is shown in the 
figure, is equipped with the device for determination of 
Cortisol concentration in sahva 12, the hard disk 14 is the 
standard range storage device in which the aforementioned 
standard ranges for changes in Cortisol concentration are 
stored separately for males and females and by age group, 
the CPU 16, which functions as the evaluation device, and 
the display component 18, which displays the results of the 
evaluations. 

[0027] Programs for performing comparisons may 
be stored in a ROM, which is not shown in the figure, or 
they can also be written in the aforementioned hard disk 14. 
The evaluation apparatus 10 in this mode of execution is 
constructed as described above. The operator collects the 
saliva (test sample), injects the test sample into the 
determination device 12, and, in addition, inputs the test 
subject identification number and the saliva collection time 
corresponding to said sample. 

[0028] The results of the determinations of the 
Cortisol concentrations in said samples are recorded in the 
hard disk 14 together with the test subject identification 
mmiber and the sahva collection time. At the time the 
determination of the saliva sample from said test subject at a 
specified collection time is concluded, the evaluation device 
16 evaluates whether or not said test subject is experiencing 
chronic stress on the basis of whether or not the 
determination results fall within the aforementioned 
standard range and of whether or not the cholesterol 
concentration in the sahva at the time of rising is lower than 
the Cortisol concentrations in the other time bands. 

[0029] It is desirable that the apparatus in this 
mode of execution be equipped, for example, with an auto- 
sampler in which S sets of test samples can be set so that the 
saliva samples that are collected over time for a single test 
subject can be set in said set and so that the evaluations of 
chronic stress can be performed at one time. 

[0030] The program for evaluation of chronic stress 
that is used in the aforementioned apparatus has the 
following characteristics. 

(1) During the period in which separation by 
chromatography is being performed, various demonstration 
screens (various types of explanation, etc.) that have been 
prepared in advance can be displayed and screens that 
display the status of the chromatogram can be switched as 
desired. 



(2) Cortisol values and data on the attributes of the test 
subject in question (age, sex, personality) and psychological 
data at the time of collection of the saliva are housed in the 
data base structure and searches can be made for diverse 
conditions. 

[0031] (3) Immediately after the analysis has been 
concluded, the results (Cortisol values) are compared with 
the mean values of a group having essentially the same 
attributes as the test subject that have been inputted in 
advance and the results are displayed automatically. 

(4) The data base can be strengthened by registering the 
results of new analyses automatically in the data base and by 
automatically re-calculating the mean values in terms of test 
subject attributes. 

(5) Data that has been collected in apparatuses (and data 
bases) of multiple sites can be at the same time concentrated 
in one central data base and can be retrieved at the same 
time. 

[0032] Further, it is desirable to store a computer 
program that contains the aforementioned standard range 
data on the Cortisol concentrations and the evaluation steps 
in a recording medium such as a floppy disk. 

[0033] Chronic stress evaluation sheet 
In this invention, it is desirable to use an evaluation 
sheet such as that shown in Figure 1 as described previously. 
In this figure, the Cortisol concentration in the saliva is on 
the vertical axis, sahva collection time is on the horizontal 
axis, and, moreover, the standard range for each time band is 
graphed and displayed. For this reason, only the data on 
Cortisol concentrations for a single test subject are plotted on 
said sheet so that an evaluation can be made of whether or 
not said subject is experiencmg chronic stress. 

[0034] 

[Effect of the Invention] By means of the method 
and apparatus for the evaluation of chromic stress, recording 
medium and the sheet of this invention as described above, 
evaluation of chronic stress can be made on the basis of 
changes in Cortisol concentrations in saliva of the course of 
one day or of the Cortisol concentration in the saliva on 
rising. Therefore, an evaluation of whether a test subject is 
experiencing chronic stress can be made with a high degree 
of accuracy without putting a load on the subject. 

[Brief Explanation of the Figures] 

[Figure 1] is a sketch drawing of the chronic stress 
evaluation sheet which is a mode of execution of this 
invention. 

[Figure 2] This shows the results of the display on 
the evaluation sheet for a test subject thought to be 
experiencing chronic stress. 



[Figure 3] This shows the results of the display on 
the evaluation sheet for a test subject thought to be 
experiencing chronic stress. 

(Figure 4]' This shows the results of the display on 
Oie evaluation sheet for a test subject thought not to be 
experiencing chronic stress, 

[Figure 51 This is a schematic diagram of a chronic 
stress evaluation apparatus which is a mode of execution of 
tliis invention. 
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[Explanation of Symbols] 

10 cluonic stress evaluation apparatus 
1 2 device for determination of Cortisol concentrations in 
saliva 

14 hard disk (standard range storage device) 
16 CPU (evaluation device) 



CPfffl 



20 

ts 

I 
E 





■U^ — 




























m 






m 












m 


8 


m 





4 6 a to 12 

Kev : 

[first row, left to right] 
[Figure IJ 
[top]: Standard vales 
[bottom] : Time 

1063 ;ihl/;^«0,iXIR4 5 



16 




[Figure 2] 
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[bottom row] 
[Figure 4] 
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[first row, right side] 
[Figure 3] 

[top]: 1053 stress feeling 2, overtime 50 
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(Figure 5] 
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Key to Figure 5 : 



1= 

2= 

3= 
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(test sample) 

Test sample injection 
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Evaluation algorithm No abnormality 
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